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Tuesday, February 18, 2014 587ainvolving the substrate quinone, the cyt bc1 complex of Rhodobacter capsu-
latus was studied using atomistic molecular dynamics simulations. The com-
putations give clear-cut ideas how the proton transfer might take place at both
of the active sites. The simulations strongly suggest that water-mediated in-
teractions are needed to achieve quinol oxidation and to prevent short-circuit
suppression at the Qo-site. In the case of the Qi-site, the simulations empha-
size the role of negatively charged cardiolipin in quinone reduction. Together
with site-directed mutagenesis this in silico approach provides long-awaited
information regarding the structure-function relationship of the cyt bc1
complex.
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Cytochrome bc1 complex is an ubiquitous component of electron transfer
chains in prokariotic and eukariotic organisms. It catalyzes redox reactions
of ubiquinone/ubiquinol (UQ) in a pathway called Q-cycle. We are perform-
ing computer simulations with molecular mechanical and hybrid quantum
mechanical (QM) potentials in order to understand the energetics of several
steps involved in this cycle. To start with, we have built and equilibrated a
realistic model of a bacterial-like inner membrane, a mixture of phosphati-
dylethanolamine (PE) and phosphatidylglycerol (PG) 3:1, both with palmi-
toyiloleoyl chains, using the novel CHARMM36 parameters. We have also
parametrized tetraoleoyl cardiolipin (CL) and performed simulations of
PE-PC bilayers with 10% CL. We have built a new potential for UQ by
improving partial charges and torsional parameters from previously available
UQ potentials [1,2]. In comparisons to high-level QM torsional and water or
methane interaction profiles, our new UQ potential shows significant
improvement over the previous potentials. Thus, we performed potential of
mean force calculations with our new UQ potential to obtain the free energy
of water/membrane partition of UQ with different isoprenil chain lengths and
validated our model by comparison with experimental data [3]. This accurate
ubiquinone and bacterial membrane model, is now in use to study the diffu-
sion pathway of UQ through the membrane into Cytochrome bc1 and within
its two UQ binding sites.
[1] A. Aird et al. Biophysical Journal, 2007, 92(1), 23-33.
[2] K. Kaszuba et al. Theor Chem Acc, 2013, 132, 1370-1383.
[3] R. Fato et al. Biochemistry, 1996, 35, 2705-2716.
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In the framework of the tunneling current theory, electron tunneling rates and
atomistic tunneling pathways were investigated for electron transfer reactions
between different redox pairs in complex III comprising different stages in
the proton-motive Q-cycle. In the light of our calculations, complex III appears
to be a smart machine which under certain conditions undergoes conforma-
tional changes gating electron transfer, or channeling electrons to specific path-
ways. One-electron tunneling approximation was adopted in the tunneling
calculations, which were done with hybrid Broken-Symmetry unrestricted
DFT/ZINDO levels of theory. The tunneling orbitals were determined using
the exact bi-orthogonalization scheme, which uniquely selects a pair of
tunneling orbitals with small overlap, and remaining Frank-Condon orbitals
with significant overlap. Due to extensive conjugation in porphyrins, the core
electrons of redox hemes exhibit substantial induced polarization, resulting
in the decreased electron transfer rates by 20 - 80%. Electron transfer rates
in different redox pairs show exponential distance dependence, in agreement
with other reported data.
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Cytochrome ba3 in the plasma membrane of Thermus thermophilus is a
member of the heme-copper oxidase superfamily and functions as a termi-nal oxidase for aerobic metabolism under limited oxygen concentration.
The X-ray crystal structure of Thermus thermophilusba3 (Tt ba3) oxidase re-
vealed a Y-shaped hydrophobic channel leading to the binuclear active site,
which is proposed to provide access of ligands such as O2, NO and CO.
Recent time-resolved optical absorption (TROA) studies in our laboratory
showed that O2 and NO binding is 10-times faster in ba3 than in bovine
aa3 and that a tryptophan constriction residue which is present in the
ligand channel of the aa3 oxidases, but not in Tt ba3, significantly impeded
ligand access in the former (Einarsdottir et al. BBA (2012) 1817, 672-79;
McDonald et al. Biochemistry (2013) 52, 640-53). These structural differ-
ences could be due to the adaptation of T. thermophilus to microaerobic en-
vironments. Comparison of amino acid sequences and crystal structures of
the heme-copper oxidases have also identified strictly conserved residues in
the ligand channels of these enzymes, including V236 and G232 (Tt ba3
numbering). V236 is located in the proximity of the binuclear active site,
and the G232 residue has been postulated to create a small passage-way
for ligands to enter the active site. In this study, we investigated by
TROA spectroscopy the O2 and NO binding in various Tt ba3 V236 mutants
and the mutation of G232 to a larger valine to clarify the role of these
conserved amino acid residues in modulating ligand access to the active
site in Tt ba3.
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Knowledge of how the protein environment can tune ligand pathways and
metal-based prosthetic group(s) in heme-copper oxidase is fundamental for un-
derstanding the catalytic functions of these enzymes. To establish possible re-
lationships between the structural diversity of these enzymes and their ligand
binding dynamics, we used photolabile O2 and NO complexes to compare
the kinetics of molecular oxygen (O2) and nitric oxide (NO) reacting with
reduced heme-copper oxidases from different species. For example, time-
resolved optical absorption (TROA) measurements in our laboratory have
shown that O2 and NO bind to reduced Thermos thermophilus ba3 with a super-
fast second-order rate constant of 1109 M1s1, which is 10-times faster than
observed for the aa3 oxidases.
In this study, the structural and mechanistic features that moderate ligand ac-
cess to the active site of aa3 cytochrome c oxidase (CcO) in Rhodobacter
sphaeroidesaa3 were investigated by TROA spectroscopy. Two bulky amino
acid residues (tryptophan 172 and phenylalanine 282) have been suggested to
generate a putative constriction point along the ligand pathway to the active
site in R. sphaeroides CcO. To investigate the possible roles of these amino
acid residues in modulating ligand access, the tryptophan 172 and phenylala-
nine 282 were mutated to the less bulky tyrosine, and threonine residues present
in Thermus thermophilusba3 oxidase. The reactions of O2 and NOwith the fully
reduced W172Y/F282T double mutant of the R. sphaeroides were investigated
by TROA spectroscopy in combination with photolabile O2 and NO carriers.
The results suggest that the amino acid residues under investigation may
play an important structural role in ligand access to the active site in
R. sphaeroidesaa3.
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The respiratory chain produces energy by translocating electrons and protons
across the membrane, building up an electrochemical potential. This chain is
composed by several complexes, among them the Rieske/cytochrome b com-
plexes (complex III) and cytochrome c oxidase complexes. It has been shown
by electron microscopy than the respiratory chain complexes can associate to
form supercomplexes, such as I1III2IV1 in the bovine heart mitochondria1
or III2IV2 in the yeast mitochondria2.
Here, we set out to study protein/protein and protein/lipid interfaces on the cy-
tochrome b6c:cytochrome c oxidase caa3 supercomplex from Geobacillus
stearothermophilus, a thermophilic bacterium. This complex cytochrome b6c
is more closely related to cytochrome b6f from photosynthetic reaction chains
